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EXTENSIONS FOR THE IMAGE BROADCASTING FROTOCOL

el CURS M A

L. Indrodustion

The imare broadcasing protocal B kis mamly didacus gppheaiaons, bl can
he adapted for other stuations that need uassmissions of compater images, TBP
operates ma master - slave fasheon, and can improve the follewing activaties:

— Presentations

The teacher’s screen mopes can be vansfered 1o another compater, or i all the
comnparters handled by IBP

— Verifications

The images fom any compater mothe setwork can be rransfernsd to the teocher™s
sepeeny, o7 tooall the compuiers Dincluding the feacher™s),

Adl the operations are perfonmed al teacher s commands

Aoverston of thes predocol, fur chiaraeter modes only, is described i [ ], together
with two implementatsms, The IPX pootoee] [2] 65 used for neowork senviaces,
The wn ol s paper is oo extend the IR wath the posstbabiiy of ranslemng
fineages in any video mode, and o reduce the amount of dets taasRaeed thoogh
the nerwork h:.' LISHILEE BT -.'|_||||!1||'-.-.i-::| I;.'l.‘:|'||'|'|'|| &f

2, Protocel deseriplion

I the panticipants o the IBP are connecled through an nterner, with subnets of
different fypes, the commumcation fueciions can be implementad wath & mootecod
situated above the sefwork level, for example [P 3] oo UOP [4] Thos all the
proflems thar concern getting packets from source o the destinanon ae taken
care an the e vl
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Because of the relatively ligh volume of information that has (0 be transfered
through the network, this prefocol  can be mome efficiently implemented for
brissdeast networks. In this case there is a single comimurication chammel thal b5
shared by all the machines on the network. Packets ent by any machine are
recerved by all the others An address Geld within the packet specifies for whom
1t 15 mtended, Luckily all three IERL 802 LAN standards fall ingo thiz category,
witl the exception of the IEEE 802 5 Token Fang that uses not really a broadcast
epedian, but o collechon of individual point to point liks deat form 2 oncle, More
details on broadeast networks and [EEE 802 standards can be found i [5]. Thus
for local ares networks, the whole communication in TPR can be implemented o0
data link laver, because if all the compaters are comnected to the same LAN
segmenl there 12 no noed for routing. Anvhow the broadeast packets - that arc
destined to all possible recefvers - ane restricted to the sesment of LAN in which
the transmtler is located, and are ot spaam in the whale LAN.

The remmnder of this article considers the case in whuch all the partbicipants to the
L are interconnected through the same sepment of LAK,

3. Messape formai

The messapes exchanged between the master and the slaves in TRP lave the
follywing format:

Source address

Drestination address

Type ] Fimire 1
Leagily A" IBP messae forment
[RHIE

3.1, Sowrce und destination addresses
Every participant to IBF 1= wennficd by a amque address This address could be
fow example 1o the case of an Etlerset LAM the hardware address of the LAM
iderface and there i@ a special reserved address, with the meaning of all possible
destmmations (hroadeast). The sonree sddress adentihes the dfransmutter of the
message and the destination sddress indicales the 1scevens)
LI Type
This 1= the meaning of the messige amd can contam the following bao groups of
vitlues:

— A request for changing the operation made of e destination. This kind

of messages are yenetated only by the master.
= A ndicateon conceming the comtent of te data hebd
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Here 15 a brell descnption of the four possible requests
— Mirvor
The receiving stalion(s) lock there kevboard, save the image on the screen, 10 be
able to restore there context when endmg this mode. Al the images receivied Drom
the network, no matter who the sender is are reproduced on the sereen Fuery
iltlﬂ!.;e 1% [lreuu-cl.ﬂﬂ brv & “siart of frame” mdication.
~ Htop
This command determnes the ending of the cwrent achivily (reprodecmg or
sending of images). If the last mode was moror, the conlext is resfored and the
kevboard 15 released.

Sowrce
The station that recerves this message, sends penodically the screen imagss, m
parallcl with fhe curmrent activitics,
— Ping
Thas comemand i5 i request for mformaton, The recervers) respond with a “pmg
response’” mdication

Il three indications are the folloaang:

Ping response
This messages contain 10 the dats field information about the sender (the name of
the operator and the mods of operation) The messages camrying data frame
fragments are not very important for the IBF. Loosing such a message could pass
urmliced. Om the athier hamad the messages that carry commands for changing the
uperation mode are vital With the “ping” command the sender can venily the
state of the recerver(s) before going on with the protocol, This solution 15 an
altemative o the raditional ackaewledgements tha naply ameng other thimies
coumting and labelling the messages.
— Frame fragment
The dara feld of this messages contons o frame fragment that s mmediately
decoded wd displaved nm the sereen it the recciver iz o the “ivdmoe”™ oosde. (10
pixel reordenng s used, the whole imagre must be recerved before the decoding
prowcess can hesin ) The lemgeh of packages 2 hmieed noecery network: by the
Maxinmnen Toamsler Ui (0T o example the MTU for Cthernet 15 1500 byvtes
Thus the frames must b ragmented to be able oo travel through the network, and
the fragimeints mast be labelled for the frame rebuild peecess, I the [BP works
an inferset and the implementation wses TP or TIDP, there 5 noe gearanties o
delivery, order and aceuracy of the packets. Thus in this case 1BP has o solve
lfus problems also. The use of a rehable manspon level protocal iz sl possible
bercause of the large amount of data that must be teansfened.
Withim  any segment of LAN, packet reorderisg is not  possible,
COMIMIcALG croes @e rarely encountered, so the mplanentation of IBF can
e sunphifed withoul visible deficiencies,
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~ Start of frame
The recerving station(z) that are in the mirror muode, update thewr video interface
operation made, sccording 1o the nformation contiined in the data ficld

33, Lengih
Inchicates the length of the data field
3.4, Data
The data field can have thres differen formmats, correcsponding to the three
passible isdwations. The contents of the dam field for thiz message types is
shoam below. The request messages bave no data feld

Fing response

'.Upcramr s .
Cument operation mode |
- Frame fragment x
HNov. of rame Flpurs 2
| Fragment offset _ Thest certer field foor

L Iragment dara | different indicaiions
— Start of frame

| Mo of framne __l
| Video mode

Sereen reselution

Mo, of colowrs
Monon compensation
| Predicnen
(Poclodermg =~
| Fam lzngth encoding

| Hirftman coding |

Thiz message 15 inserled by the ransmitter at the beginmng of every frame |f the
recerver ol this message i in the “mirmos” mode, it preparcs fin recorving o pew
frame. The video mode indicates if the next frame will be in character mode or in
praphic mode. Thus it s possible for the [BP to reproduce exacily the images of
the transmitter, even if it swilches between different wviden inodes

The scieen resolution is measured in pixels for the praphic modes, and in
characters for the alphanumeric ones. '
The number of colours determine the munber of bits ¢ pixel. The recerver
swilches - il necessary - the vides mode sreordmg o the mfoomaton contained in
thiz misssage

The other fields mdicate the comgmression techniques used for the next frame This
technigques will be described m the following paragraphs
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4. Compression

The volume of informaticn transferred by [BP can be substantially reduced by
compression techniques. Dital images can be compressed by eliminating
redimdant information. There are three s of redwdancy that can be exploned
by e compression fechnigues:
— Spatial Redundancy
In almost all nabwal mages, the values of neighbouring pixels are strongdy
correlated. The corelation is even stromger in e cage of computer images, tha
contain inamly text and no noise
~ Spectral redundancy :
[ dmapes composed of more than one spectral band, the spectral valees for the
same pixel localion are oflen comrelated

Temporal reduncduncy
Adjacent frames in'a sequence often shaw very little chanpe
I'he removal of spatial and spectral redundancies can be acpomplished by
reversible ranstormations that decomrelate the data, Temporal redunduncy is
exploited by techniques that only encode differences between adjacent frames,
such as maotion prediction and compensation. The frames bankt froun the previos
oncs, will be called iMercoded (P) and 3 frames codded withowt modion
compensation, that is, using onlv transform coshing will be called inrpcoded (1)
P frames can substantially improve compressien, because there is usually htle
difference belween computer imuge frames, but they have the disadvantape thal
the errors from one frame are propagating fo all the others. TRT insers an 1 frame
il every chimpe of video mode and aftes every o P frames, o climinale such
ermims. The percentage of P frarmes can he fagher in kocal arca netwarks, bocawse
of the low error rate

4.1 Image coding in character modes

Though a typical 80 x 25 characrer irmage | Charster |
containg only 4000 byies, and in LA T170 - —_ | i
can gperale without compression because of | —| T :
the bighe bit rate, 1 the case of lony distance Original -
commections thiough noisy lelephone Imes, image T
OSSN is requrad, | —
IPE uses at mos three techniques to Display
compress character pnages atiribudes |
Iﬂ'lﬂ-\.E‘

vl N im - F
.4. L Srpmah.l oy Fugurs 3:
I computer intage content 1 2plil in ban , : .
: Eharacier imape separation
compaonents 8 character image and g display
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attbutes pnage. This increases the efficiency of the run lengih encoding, even
withoul moton compensation, becanse the two imapes usually contain runs of

repesfed symbols,

4.1.2, Motion compensation

Thus technique exploils the fact that a frame F. Last . |

i likely to be similar 10 1s predecessor F,. |"E'T"E \

and so can be nearly constructed from it \ = !
The images are divided into § = 14 character iﬁrgtga :
blocks, and for each block is searched the best

poszble mateh in 4 regmon sumounding the [ Curram |

block m the previous frame. The amount of x | frame Mabion vechs
anil y translation for the best match is called | |

the motion vector. I the frame rate is high, it is :

sufficient to restricl the motion vecior search o - Fligure 4.

the range [-Z, 2]. This technigue will require Afoifton comBersalion
additional buffering and introduces delay in

both encodmg and decoding. The criteria for “best matching” s determined by
the cncoder. Then an emor image is constrcted by subtracting the onginal blocks
from the pnes ndicated by the motion vectors. If the tao blocks doa’t match
closely, the moton vectors are replaced by an mvalid value (ourside the accepied
rangs), and the computing of the emor block is disabled, because otherwise the
subtraction could generare vare valves, outside the alphanumenic character set,
that would compromise the nexl operstions.

If a this stop, the new feane 35 foumd to be identical with the previcus one {all
motion vectors arc null), the whole compression process stops, and no frame is
transrmutted to the reccieen(s)

The motion vectors are compated only for the character image, bul most of them
should be vald for the display attrilules image also. An crmor imaee for display
attributes 15 buld according to this melim vectors

Motion  compensation can produce a big ooprovement in compser  image
compression, because seralling amd dryrgmnye are frequent operations, and usoally
exist o lot of similarities belween consscutve frames

The previous steps meap the imape e a wansform domain which is more easily
encoded by the following methods. Unbl now no comgression was performed. In
fact the length of the image inceased, becanse of the motion vectors

4.1.3. Run lenpth encoding

This techmigue replages the nuns of repeaded symbols with a special cscape code,
a count and the symbel. Becanse of the character codes suldraciions in the motion
compensahon step, the displey atnbutes mage, and the charicler imapge can
contain any 8 bit combinations. Therefore if the escape code appears anvwhere in
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the tlext, i must be doubled 1o prevenl confusion. The proceduse i called
character stuffing |5, Tn order to morease the probahility of encountering long
nums of zeros, the characters are read from the image bulfers in bock order. This
reordening takes full advantage of the previous step.

4.1.4. Huffman coding
This fast transformation performs redundancy reduchon using variable length

code words, and will be descnbed later.

4.1, Image coding in graphic mosles

In most sustions compaiter images contain fext printed i differeat ways on the
sereen. The (olal abzence of ooise makes them very suitable for redundney
reduction techngues

Thers are many redundancy reduction schemes, but mosd of them were developed
for matural imapes. where & certain amount of distorions s wsmlly not observed
by the human eve. The most importast sech lossy lechniques are based on
dhscrete cosine transtorm (THCT), veeton quantizalom amd woavelet theory 6.7 8]
In the case of computer imapes, (he qualiy con be senously altered by such
approximations. On the other hand the efficiency of DCT 1= low because of the
high eontrast and shamp edpes

The IBP needs a losskess compression algonthm, that is simple enough fo nm om
real time and has a high compression rabo. At first sight, il seems almost
impaszible to achicve such antagomste specifications, bat in the case of LANS,
the compression ratic can be very moch improved by mereasing the percentage of
P frames, This s possible due to the low eeror rafio, On fhe other hand, because
of the stabc nature of computer images the P frames can be very efficienty
encoded].

The compresmon principles v characier and praphic modes are the same, thus the
r-::*]!-l.'lwmg parapraphs will foeies only om the diffierenoes.

In the.-case of graphic viden modes, all thees colour planes (RGB) are processed
separately. Each colour plane contamns a grey scale image. The aumber of bz per
prxel resulis from the masium member of colours @ the video maede mehaded n
the start of frame ndication. The compression of images involves some of the
Foallomarmmy, Desghmnegues

4.2 1. Mastin Compensntion

The block dimensicn = 16 x 16, and the modion wector nnEE 14 [-14, 14]. The
critena for finding the mobion vectors is minimising (e averape pixed value n the
crror image, IT the carrent frame 1= found to be idennical with the previous one,
the whele compression process 1= stooped and oothing is Uanssnitted
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4,12, Prediction

The 1dea is to foem an error image by comparing the value of each aaanal pixe
o the value given by a prediction function, This techmque is useful for | frames
bt are not motion compensaied The prediction efficiency can be very high for
computer images, where solid anes filled with the same colour ane frequent. The
preshiction is based on the values of cortain (fixed) neyghbouring pixels These
pixels have already been encoded and are therefore known to the decoder. The
prediction 15 thus wdenbical in the encoding and decixting phases. The munkber of
the neighbouning pixels yives the degree of the prediction function

The Tossless JPEG predictor produces results which, light of i simphcity, are
surprisingly close to the stale of the art for lnssless continuwous tone COMPression.
The JPEG predictor uses the following 3 pixel prediction conlext:

|__n Bl A.B and C are the pixels within the context
LCIX] Xis the pixel to be coded

figre 30 Predicties contex!

A higher comtext bnngs  umecessary complexity  without  remarkable
mmprovements. A predictor combines the values of up o three neighfouring pixels
{A, B and () to form a prediction of the pixel mdicated by X in fgure 5. This
predhction is then subtracted from the actual value of sample X, Any of the
predictors in figure 6 can be wsed,

The encoder can use sy source image precision from 2

:Il:'.' no prediclion to 16 bats / ﬁﬂ.llli.l‘l.‘_ The desenpoon of JPEG

1iA compression standand can be found in [9).

(2 | B The IBF uses an ongnal adaptive prediction algorithan,

I [ | based en the JPEG moded,

i | A+B-C For cach context, the mean value (m) and absolute
(5 | AHIR-C)2) m:un:llll meanent (o | approamatons we caloulated witls
_.;: ]_;Jﬂ.|_:||:|_'_':1.'_:l:-|. E 1]_|w. I-T fwm’ _-:?.m TI . =
Ul@amy 7] PoiGse), a-dE-3dF 70F- i

Figure 6 Predictors  where 4, 8 and T are the most sigmticant 4 hils of the
three pixcl vilues,

The algorithn maintaing for each possible combination of m and o , and for esch
piedictor £ | an estmate of the probability p, that the prediclon [ pves the hes
resull. For each conlext, the pair w and = 15 caloulated, the predicior with the
Bughes! associated probability is wed, and then the probatlitis P are upsdated.
Tz algonithm has to make a compronuse betwesn the need to quackly adigat the
eshimates p, o image statistics, ant the need o mantain pocxd eshmates, This
protlem can be solved by considering only the last o predictions for keeping up



a7
the estimates, The best value for 0 can be determined experimentally for certain
tvpes of images
The disadvantage of adaptive prediction is e imcreased running tme.
Uther prediction techniques can be found in [11]

4. 2.3 Pizel reordering

The predictive encoding can be combined with pixel reordering, The idea 15 o
rearrange the pixels of each row, so that the null emor pixels are separated from
the other ones. Each prediction context s classihed ether GO0 or BAD
according to the frequency of exact predictions. Thus there can be fixed 2
treshold frequency (for example %0%) in the prediction medel, and refer all
conlexts with hgher fequences of exact predictions az GO0 and the reraimng
ones a5 BAD. The pixels of the ermor image are reordesed =0 thar all the all ihe
pixels resulting from GO0 predictions are stacked by staring fom the lefi
border of the row, and those in the BAD category from the gt border towards
the beginnmyg of the row. After this reordering is expected that the oull eror
pixels are prevailing in the beginning of the rows, thus mereasing the efficiency of
the rum dength encodimg. Althcugh the pixels are mixed m the reordering phasc, it
iz shil possible to decode cach row comectly, This 15 because the coding comtext
15 known while decoding a particular pixel and thus the decoder knows if the next
pixel 1= o be picked from e lefi oo ihe nght stack.

A vanant of this technique for binory images 15 presented o [10], with e
difference that block coding 15 veed mstesd of mun length encoding in the pes
SECp

4.2.4. Run length encoding takes advantage of the mns of conseowtive meros
crested by mobon compensation or predicteon. If pixel reasdering is activated, § in
| trames) the pixels in the enoe image are read i colwmn major order, 1 merease
the chapce of finding long s ol seres. In this case there is 8 disadvantage
because the receiver has ger the whole 1mage data before decoding com start. 1F
melion compensaton s used (in [ feames) the pocels are cead in Block order.

4. 2.5 Huffman coding

The Huffman codex [5,12] 15 w=ed 1o conpress the data closer to symbol enfropy

e ressom Tor usmyg the Luffman coder is that it is relatively casy to unplemnen

To compress dwtan syvnbols, the Huffinan coder creates shomer codes for
trequently oceurring synbols and longer codes for occasionally ones. However
the theoretical compression hmit 15 impossible to actheeve with independently
coded symbaols, due fo the weed to represent cach symbel m an integral number of
Tits.

Higher compression sales o be achicved by using the anthmetic coder, that
drops the requirement that each symbol be indindually coded. The arithmetic
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coder has the disadvantage thal it consumes simificantly more COnTpuling powe
and memary than tse Hoflman coder. Descnptions of the anthmetic coder can be

found an |5,12].
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